Screening sourdough samples for gliadin-degrading activity revealed Lactobacillus casei strains able to individually metabolize the coeliac disease-related 33-mer peptide
processes, and used for making bread, pizza or pasta, were collected in situ, 101 immediately packed to preserve their original microbiota and sent to our laboratory (see 102 Table 1 ). Five of these samples came from three household manufacturers, four from 103 professional bakeries, and one was made in the laboratory according to the following 104 traditional procedure: 25 g of milled wheat grains were mixed with 25 ml of sterile 105
MilliQ water (Millipore, Bedford, MA, USA) and incubated at 20ºC for 24 h. This 106 process was repeated five times, substituting half of the fermented dough by fresh 107 mixture at the beginning of each day. For each medium, 48 h incubations were performed aerobically at 32ºC or 37ºC, or 136 anaerobically at 37ºC, in a Mac 500 anaerobic workstation (Don Whitley Scientific, 137
West Yorkshire, UK). Enrichment steps were performed by inoculating (1% v/v) the 138 initial homogenized sourdough sample into 10 mL of AHG-Mm broth followed by 139 incubation under the three sets of conditions described above. After 24 h, serial 140 dilutions of each enrichment culture were prepared, plated on MRSm and AHG-Mm 141 agar, and incubated under the appropriate conditions for bacterial counting. Two rounds 142 of enrichment in AHG-Mm broth were performed, using the first enrichment step to 143 provide a 1% inoculum for the second.
D r a f t
Each sourdough sampling was treated as an independent experiment. Within each 145 experiment, mean and standard deviation log cfu/g values were calculated for each 146 culture medium after each sampling step (i.e. at the beginning of the sampling, after the 147 first round of enrichment and after the second round of enrichment) by computing the 148 individual log cfu/g values obtained under the three tested environmental conditions. 149
Within each experiment, statistical analysis of data was carried out using one-way 150 ANOVA followed by Tukey's multiple comparison tests (SigmaPlot (Systat Software, 151
San Jose, CA, USA)). Significance was set at p < 0.05. 152
153

Isolation of LAB 154
Individual colonies of different morphologies were isolated from AHG-Mm plates 155
and successively sub-cultured in this medium until a purified strain was obtained. 156 The Lactobacillus and Leuconostoc strains isolated were routinely propagated for 24 160 h without aeration in MRS at 37ºC or 32ºC respectively. Bacterial stock cultures were 161 prepared in a glycerol/MRS mixture (20%/80% v/v) and kept at -80ºC. clindamycin and penicillin G (dilution range 0.03 to 16 µg/ml), erythromycin (0.16 to 8 184 µg/ml), streptomycin and gentamicin (0.5 to 256 µg/ml), tetracycline and 185 chloramphenicol (0.12 to 64 µg/ml) (all from Sigma). A strain was considered sensitive 186 to a given antimicrobial agent when the minimal inhibitory concentration (MIC) was 187 below or equal to the defined EFSA cut-off value for that bacterial group (EFSA 2012). 188 A single dilution above the MIC value was accepted as within the normal variation 189 around the mean; a strain returning such a result was therefore still considered sensitive 190 to that antimicrobial agent (EFSA 2014) . (Table 1) . 249
250
Identification and typification of gliadin-degrading LAB strains 251
Of the 267 colonies isolated from AHG-Mm plates, 48 (18%) formed degrading 252 halos and were identified by 16s rRNA sequencing. Of these, 43 were found to be LAB, 253 which were typified by PFGE into 20 different profiles: 15 L. casei, 1 L. plantarum and 254 groups, one containing L. plantarum IPLA88 alone, the other containing the L. casei 256 strains (Fig. 1, panel A) . For this latter group, no correlation was seen between the 257 clustering of the strains and the type of final product, nor the type of processing 258 involved. However, they did appear to cluster in a manner that reflected the geographic 259 origin of the Polish and Italian strains (Fig. 1, panel A) clustering of the L. mesenteroides strains (Fig. 1, panel B Gliadin-degrading LAB strains were detected in all the sourdough samples, although 267 their diversity was greatest in the Italian wheat bread sourdough from a traditional 268 bakery (5 strains), followed by the Italian bakery wheat pasta sourdough (3 strains). The 269 rest of the sourdough samples had 1 or 2 gliadin-degrading strains (Fig. 1) 
D r a f t 13
The absence of obligate heterofermentative species within the isolates of the present 290 work could be due to their incapacity to metabolize the gliadin substrate or to the 291 absence of any metabolite within the culture media that would result essential for their 292 growth and development; this could include additional carbon sources such as pentoses. 293
294
Antimicrobial susceptibility of the isolated gliadin-degrading LAB strains 295
The absence of acquired antimicrobial resistance is an important biosafety property 296 of bacterial cultures intended for use as biologically active food additives, e.g. inside a 297 yoghourt. Since they are generally consumed in large numbers, and may come into 298 close contact with other bacteria in the human intestine, including pathogens, horizontal 299 gene transfer is a concern (Teuber et al. 1999). Two of the four L. mesenteroides strains 300 (L. mesenteroides IPLA12002 and IPLA12017) were clearly resistant to clindamycin, 301 while L. plantarum 88 was sensitive to all the tested antimicrobial agents and just three 302 of the L. casei strains exceeded the EFSA limit values for chloramphenicol (Table 2) . 303
However, the use of this antimicrobial agent is restricted in humans due to its adverse 304 secondary effects (Shukla et al. 2011 ). These results give no reason for concern 305 D r a f t Incubations of each bacterial strain (at a cell density of 10 10 cfu/ml) with the 33-mer 313 peptide (at 50 µM = 195 ppm) were performed. Two of the strains were able to fully 314 metabolize the 33-mer peptide after 24 h of incubation, five strains made disappear 315 more than 50% of the peptide, and the remaining 13 strains left between 50% and 100% 316 intact. The non-sourdough strain L. casei BL23 did not metabolize the peptide. No 317 disappearance of the peptide occurred when incubated alone at any time (Fig. 2, panel  318 A). The L. casei strains were more active than those of Ln. mesenteroides and L. 319 plantarum. Indeed, Ln. mesenteroides IPLA12012 and L. plantarum 88 were unable to 320 metabolize the 33-mer peptide, and the remaining L. mesenteroides strains managed no 321 more than 15% peak area reduction. In contrast, between 90-100% reduction in peak 322 area was seen when the peptide was individually incubated with L. casei IPLA12038 323
(from the Polish bread sourdough), IPLA12035 (from the Italian pizza sourdough) or 324
IPLA12027 (from the Italian pasta sourdough). 325
The most active strain was L. casei IPLA12038, which reduced the peak area of the 326 peptide by up to 82% within 8 h, and completely made it disappear within 12 h (Fig. 2,  327 panel B). Interestingly, no intermediate hydrolysis products were observed when the 328 chromatogram for the latter incubation was compared to that of a parallel incubation 329 containing solely the strain (i.e., with no substrate). There are no previous reports of any 330 individual LAB strain from sourdough harbouring the complete repertoire of enzymes 331 and/or membrane transport systems needed to fully metabolize the 33-mer peptide. The 332 ingestion of gliadin-degrading enzymes is currently being tested as an alternative to 333 following a gluten-free diet, the only treatment currently available for patients with 334 
